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(57) Abstract: Multiple epitaxial layers are grown on the front side of a p" silicon substrate and no layers are grown on the other 
side. Among the multiple epitaxial layers the one in contact with the silicon substrate is a first p + epitaxial layer. Since the epitaxial 
layer is in contact with the p + layer, gettering can be efficiently done also in a low-temperature device manufacturing process, thereby 
improving the manufacturing yield of an epitaxial wafer. Therefore the manufacturing cost of an epitaxial wafer is reduced. 



O (s?) Sift: P-(Oi/U3>M0)a®ll:fifta)xlf$*i/t;H «MU gaffillcl*<5j&«Ji L£l>o «»(Bx 



WO 2004/086488 



PCT/JP2004/004167 



93 m m 

V* * 9 s *r A* V =c — 
« © & L ^fl^ tr * ^ v -r ^ # * - ^ \z Mi" 6 . 

tfMJfJi ^tbfc:* fc°^ df-^^/V5r a— ^ £ „ ex fcf* ^S^yUjgflSft W fc°^ 3- 

Wis JtSfftftP/P* (P on P + £V^9) xbT^^S/t^s^T?*)^ 

>-^(D?F|«^^^^^v>P + OSftifMJlLT 20/1000 (Q - cm) £*T) 
PayS«4 ij)Sfflv>&H5. "p x /p Y " £v^!B*fctt N P x cDJHl;Kte 

£«©JhH:. P Y oBfXfiSM^IS^-t-6^^^S*-t-^o V!)aySS4i© 

&Sffi!l4 1 a =i^£iK4 1 £ t)ffi»Sfc7j?o^S K— ^*ttfc («E#t** 

lati^l (Q-cm) £A_t) :ntf 'MM 2 3ftS*Ji*^ gffill!) 4 1 b 

*L 5. r;ftb<^^m^^te^fc°*^^WS4 2K7£fifc£;h,5 

x*\*9*t 9 s*rA'*? x^ — ^4 0-CiiP + Oiyy =*>g^4 1 tfiffy* V h 

1 



WO 2004/086488 



PCT/JP2004/004167 



)14 2&M£:l$f&K:u <b^T-#s„ 

^S^H^M^l 0-3 0 3 2 0 7 (£17, Jell i:V>5) ^M^^tbT 

II 5 fi^Cffife 1 <7)^ f^drv^^/U^^— ^0»fSE|-e*)5 0 ^t°^^rv-^/H^^ 
—^5 OWttmyo&M&fe^P- (®S${aT 1 (Q • cm) £*_k) ©fpa 

yS«5 i &m^btix^z> 0 *fc^u =>yll5 1 ^ssflds 1 b &3iteP + <z> 

i i x ^^t^i 5 2 ^ti isi5i a \znm2^.h o ^^^^^m 

^tf^df^^yU^*— /n5 0 <E>»i5£HS«^ V!) a 5 1 <n>W&U 5 1 b 

a ^^2^t 0 ^^v--ryU® 5 3 &J&S£^3„ tf* ^V-r/l'W 5 

gR^p-o^y 3ys«5 i ^«^m$tt^v>as N ^2xt° 

^S^/WS 5 3 ^g^it^g^P+^SM^^^^-^WlS 2i-&fc>*>£ 

2 



WO 2004/086488 



PCT/JP2004/004167 



rase© ^ t:° ^ =^ v ^ ,v t> * — fi{nrtb t> y = (omnm k &ti\js&?=* t° 

*^v^/Wi^ (£(T. ^i$^tv^5„ L^lv'ynyl 

ftf^*^— £#<b*b&v\ Z<Dtzft<?v? V ^y&%hm£<ft?fcte^t°# 
M 5 2 i:^ 2xlf^dr^t/l'I 5 3 i:©Fn1l^!) 5 l^^UTV^o 

af-^/u?*— ^©gUta* h*i&m&1£Z>Z. b*M&:mMk-t&h<DX«3bZ> 0 

3 



WO 2004/086488 



PCT/JP2004/004167 



tuiemiws <d t° * =3r */ -r tvm <o?% mm^m^mm t m-t a ^ t° ^ ^ ^ ^ 

¥3f ffcSfe \Zi ^ fc° * ^ Srae U fc ^ffc^ fc° * is -Y A* V * — ^ *5 

m<DJfmy9^&%: 2. 77X10 17 ~5. 49X10" (atoms/cm 3 ) \Z U 
lffifa¥##£tR^*«*b*&«: 1. 3 3 X 1 0 14 ~ 1 . 46X10 16 (atoms/cm 

mol&tfim&O. 0 0 2~0. 1 (Q • cm) U 

fitfia^^S^OS^^r 1 ~ 1 0 0 (Q- cm) irbfcri: 

m i ~m 3^0^ srm i *m^xmw-tz> 0 

KM £ ft £ HI l ^ fc°^ =^ is* jvM 3 2 ^ tr ^ i/^/uM 4 £ -efflf^ $ ft 

=» Vg*R 2 Ogffiflfl 2 bfcf4(l!rfeflWi*ftXV^3iCV\ 

4 



WO 2004/086488 PCT/JP2004/004167 

X 1 0 1 4 ~ 1 . 46X10 16 (atoms/cm 3 ) t**> 9 „ j&^^te 1 — 10 0 ( Q - cm) 

*©?F*M&*&H:2. 77X10 17 ~5. 49X10 19 (atoms/cm 3 ) t?fc «9 ^ 
ISfct^teO. 0 0 2 — 0. 1 (Q-cm) -C*>3„ 

y hoi^fgl^l^^V^t'JS 3 if 2x 

fc*Wfc»J*i-5&WS*Kfe»K KftJR^fifc^5«fWH (Miff, 
HI 1 f4*|SM^5^tf'^^^"Y/^!>* k -^©»fS0"e*>So 

5 



WO 2004/086488 



PCT/JP2004/004167 



5o 3^IS2«|2 a teWH^t°?*-iy*r;um 3 tg&LTfctK ->y 

vy ^s^fi^MM^^p-^v-y =»^^-e^$tt^ 0 z.z.x* 

(Iv^y nyStSi^t^^^^tl^^DyiU ^-©IS^l. 3 3X10 
14 ~1. 4 6X10 16 (atoms/cm 3 ) tLT^5 0 XfiiX y 2 (OmftM 

&1~10 0 (Q-cm) £ LTV>5 0 

Z.X\%W, l^t^^v-^r/ujl 3 ^W£;ft5^ifc#j£r^n>£ U 2. 
7 7X10 17 ~3. 6 2 X 1 0 19 (atoms/cm 3 ) t tTV^ 0 Xfi^lxt^df- 
^/UJl 3 (Dj&tfi^&O. 0 0 2~0. 1 (Q-cm) tLTV>5 0 H^t^ 

&*5|S 1 ^tf^iX-r/Wf 3 i: 35 2 \?$ =3f- v^/l^Jl 4 £ ©IBM! 1 ^ fcT* 
5iNiO^*y^U ^^^^fRj±i-S 0 ^fff<£> K-^tii3 X 1 0 13 (atoms/cm 

3 ) &,±a>m^^\ 

El 2 «: fc° ^ ^ v /Hi <^5g|ji O^MSSr^i- 7P-ft-htfc§, 



6 



WO 2004/086488 
[3ft 1] 



PCT/JP2004/004167 







m2xe^^v-v;uji 


mm 


3(#m) 


6(/i m) 




3/1000CQ -cm) 


10(Q -cm) 




BaHe 


B2H6 




15% 


0. 01% 


H2BakeS^ 


1 200(°C) 


1 200(°C) 




1 1 00(°C) 


1 1 00(°C) 


Growth/ Rate 


3. 62(jU m/min) 


3. 66(/im/min) 




2(slm) 


1 6(slm) 




450(sccm) 


1 OO(sccm) 




200(sccm) 


1 74(sccm) 



^ * - 0 ^ -^zmx u mifr7frr&<* (&n#x<D&i&, urn) kx 

Vxu— /n^p— Kn 5/^M^7l^$-&fcm> "High Etch" £P¥fi£;ft,5 

"High Etch" iiWTi^^siftia vnfrtiZo ^l^t 9 ^^^ 

7 



WO 2004/086488 PCT/JP2004/004167 

fcfcfc, "High Etch" £fT 5 5, Affclft&^jfete, H 

CL&15 (slm) <D^#T^ 3 #K*Fl*ltt:S*A-*-5 0 1 ®<0 "High Etc 
h" T'!^rtfc Kw?^ h^^*S»*$tt^V>»^tt«SfelHl© "High Etc 
h" Sri»0 3SLfT5 «k 5tcf 5o 

"High Etch" tmT-r&ts st^rt^^*— i^-^&^au 

Ufy^2 4) s K-^'y h©f£#te.fc 5, 

teBUWHc^^* — r> sn&«a U $j? 2 ^ tr^ saf^^/w-JlOjRjp&t/fitt 

6). ^^Ti±ii^©^fc 0 ^^^^^(D^|e^S^ff^^o 
2 H 6 (v 5 ^^) SrftJlLT^Sas, BC1 3 (Hifrffcatfn;/') ^^ffiLTtiJ: 

#U ^>)x-/n^F e ^ tit LT !) • ^®£rF e 

ifttt^lfe Lfc 0 F e <£>^ffe*M: 2 X 1 0 1 3 (atoms/cm 2 ) t> % ICS-MS SfeTMft 

»Lfc 0 3te*53#cSp 1 2 — 1 4^^i-^t°^^^-r/U!>i— ^t^€T^U 
liCi 5 MSSrJi Lfc tKJPi 2~l A<D^\?$*^^;vt? ^—^tei^^Ry, 
Wi fcm v > b tit v > it ^ fc° * 3f ^ £ 3i — ^ fc § o 



8 



WO 2004/086488 



PCT/JP2004/004167 















mm 






mm 






(Q -cm) 


(#m) 


(Q -cm) 


m) 


1 


P-[10(Q- Cm )] 


100/1000 


1 


10 


5 


2 


p-[10(Q-cm)] 


100/1000 


5 


10 


5 


3 


P _ [10(Q-cm)] 


100/1000 


30 


10 


5 


4 


P-[10(Q- C m)] 


50/1000 


1 


10 


5 


5 


P _ [10(«-cm)] 


50/1000 


5 


10 


5 


6 


P - C10(53 - cm)] 


50/1000 


30 


10 


5 


7 


P"[10(Q - cm)] 


15/1000 


1 


10 


5 


8 


P _ [10(«-cm)] 


15/1000 


2 


10 


5 


9 


P"[10(Q-cm)] 


15/1000 


5 


10 


5 


10 


P _ [10(n-cm)] 


15/1000 


10 


10 


5 


11 


P - [10(Q-cm)] 


15/1000 


30 


10 


5 


12 


P + [15/1000(Q - cm)] 






10 


5 


13 


P _ [10(Q - cm)] 






10 


5 


14 


P"[10(Q - cm)] 











m^^m 3 Kl7F-t% fe&fflft'fejjfek LTfi DLTS fe&rfflV^TV^So r<£>l3 3 
l§I3T^i-J: 5f- N *&W^&Z>^t°?3ri/^/uV (?K2p 1 ~ 1 l ) tf) 

9 



WO 2004/086488 



PCT/JP2004/004167 



^ ^-e^gi-S^J*. zK*f§U~3, 7K2P4~6 N l©xt'^^i/t 
ff 365 i m ) g^Oi^T'fcotfcf^il 3, 1 4 <£>^ fcT^^S^/u 

#389! £*iiu&c— ASJftj teJB v^ b ti"C P / P + ^ fc° ^ 3f ^ JV r? x. JC *3 V^ 
"Cx |Sa?*S4/l 0 0 0 ( Q ■ cm) £*T<£># a ^ K— ^Jfeift Sr^ y = 



10 



WO 2004/086488 



PCT/JP2004/004167 





13**1 


MU2 




mum 


3/1000(Q - cm) 


3/1000CQ - cm) 


mm 


KjUm) 


3(//m) 




mum 


10(Q -cm) 


10(Q -cm) 


mm 


5(jU m) 


5(fl m) 












to 





1^4] 





p/p + 


P/P" 






O 


X 


o 




X 


O 


o 



- <d *s v =i m <d 3i t° * dr v * &%Mmvtc %^(om^.(o 

11 



WO 2004/086488 PCT/JP2004/004167 

P t ° ^ * v- -y * * wn p + t* h z> it $>mmmm&± # < £ a „ 

*5SWf* C P U^D R AMf© ^ y — tefofli $ ^5 ¥m&*- ^JVt? 



12 



WO 2004/086488 



PCT/JP2004/004167 



!l t © IS I 

i . ^mitmmz^*? fi*->*frm*&m vit¥mfr^v? 
buib¥^#:s^ <d mm m <d & \z m co ^ t° ? * ^ ^ jvm & mm -t z> t * ^ . 

&#l§!c £: -T 5 fcf * v" -r ^ ? a. 

huIB^^SIS co ^ ® {III co ^ n: $%Ji co ^ t° * f * >vm % M. Jf i" 5 t * m N 

/pC0^M#>3M% 2. 77X10 17 ~5. 49X10 19 (atoms/cm 3 ) U 

mm*m&mm<D7FffiWm&* 1 . 3 3X10 14 ~ 1 . 4 6 X 1 0 16 (atoms/cm 
3 ) ttfcri ' 

itufB^ft^co^Mdco^ 

BalB^#:Jl co bf * # > M <Do% mrfB^agffcSlg k&irZ>=-\** ^is-r^ 
Jl<£>Jg#L^£ 0. 0 0 2~0. 1 (Q-cm) £ 

ffiffi¥i*ft£te0>£tt*S: 1 ~ 1 0 0 (Q-cm) <hL/cr<t 

4. lltrSB¥*#£fc£&^3^fc?*^>iryHiWU affn^Sr^tfii: 
£«M» £ -T 5 ffN*:cOf£ffl 1 3 !B«J©¥i»te= tr * # ? * 



13 



WO 2004/086488 



PCT/JP2004/004167 



2a 



2b 



\ 



FIG.2 



21— imsmft&u 



23 



24 



22— im^OA 



High Etch 



21@^ttSU 



25 — 



Run 



26 — 



2]f ij&ft 



1/3 



WO 2004/086488 



PCT/JP2004/004167 



FIG.3 



CO 

E 
o 

\ 

CO 

E 
o 
-*-» 



© 

-Br 



H 

CM 



1 X10 14 t 



1 X 10 13 



1 X10 12 



1 X 10 11 & 




)> '»' v ' * ' ' ' ' ' ' 1 ' ' ♦ ' 



?m i ~ 3 

1 00/1000Q-cm J 



\ 50/1 OOOQ-cm 



0 10 20 30 40 



tM|I7~1 1 

J 5/1000Q-cm J 

O 7,k*fl 1 2 
(P/P+) 

O 7X^1 3 
(P/P-) 

(7--JWi-/\) 



2/3 



WO 2004/086488 



PCT/JP2004/004167 



41a 



-42 



rZZ / // // // // // / 



41 
43 



41b 



40 



FIG.5 



51a 



^ ^^^^^^^^^^^^^^ 

51b 1^ 



-53 



-51 

1-52 
Jk 54 



50 



•3/3 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2004/004167 



A CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 H01L21/322, H01L21/20 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01L21/322, H01L21/20 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2004 

Kokai Jitsuyo Shinan Koho 1971-2004 Jitsuyo Shinan Toroku Koho 1996-2004 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 



JP 7-37893 A (Toshiba Corp.)> 
07 February, 1995 (07.02.95), 
Full text; Figs. 1 to 12 
(Family: none) 

JP 3-159151 A (Sanyo Electric Co., Ltd.), 
09 July, 1991 (09.07.91), 
Full text; Figs. 1 to 3 
(Family: none) 



1,4 
2-3 



2-3 



1 I Further documents are listed in the continuation of Box C. 



I I See patent family annex. 



"O m 



Special categories of cited documents: T 
document defining the general state of the art which is not considered 
to be of particular relevance 

earlier application or patent but published on or after the international "X" 
filing date 

document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other «y" 

special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other means 
document published prior to the international filing date but later than 
the priority date claimed 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
25 May, 2004 (2.5.05.04) 



Date of mailing of the international search report 
15 June, 2004 (15.06.04) 



Name and mailing address of the ISA/ 

Japanese. Patent Office 



Authorized officer 



Facsimile No. 



Telephone No. 



B0RPHEtt& 



5ttUH## PCT/JP2004/004167 



*W©JR-r*»WP©^fli (fflBH#fF#« (IPC) ) 

Int. CI 7 H01L 2 1/3 2 2, HOIL 21/20. 



b. m&*n^ttm 



p*«ri?ofc*/hiaaf«- mm&fttm (ipo > 

Int. CI 7 HOIL 2 1/3 2 2, HOIL 21/20 



B*BJtffi*ift&*t 1 922-1 99 6¥ 

H*H^H*ffl3W3lS^« 1 9 71-2004f 

B*HSA%fll9igfS4&tt 1994-200 4# 

B*H*ffl3S«6»»a« 1 9 9 6-20 04¥ 









X 
Y 

Y 


JP 7-37893 A 

1995. 0 2. 0 7, ^kX Ml -120 

JP 3-159151 A X=#««J*5*£M±) 

1991. 07. 09, ±X, H-3H (77^-!feU 


1,4 
2-3 

2-3 




rpj ffl^WffiBMT% ft*ofiMo£lte>£K&ft*tiUH r&J ^TVh7 7 5 


25. 05. 2004 




B^H^fFit (I SA/J P) 
§BH#-5§- 100-8915 
m^fP=Ff5 ffl Efta* HHT 14S3t 


ttB5#5- 03-3581-1101 


4M 3 12 3 


ftSU 3 4 6 2 



^aSPCT/I SA/2 1 0 (&2^— S>) (2004*1^) 



